Introduction {#S0001}
============

The association between neoplastic disease and thromboembolic disorders is well known; this association was first recognized by Trousseau in 1865 and cancer-associated thrombosis has been termed Trousseau's syndrome. The procoagulant mechanisms underlying cancer-associated thrombophilia including cerebral infarction (CI) are complex and multifactorial.[@CIT0001]

CI impairs one's activities of daily living and performance status. Most patients with CI will not be able to continue anticancer treatment. Therefore, the survival of cancer patients with CI is poor.[@CIT0002]

Data of association between CI and ovarian cancer (OC) are limited. Recently, Hirokuni Takano et al reported an interesting result. In their study, 827 patients with epithelial ovarian cancer were included and, of these patients, 27 patients were with cancer-associated CI. To find out the risk factors for CI, the clinical and pathological information was retrospectively reviewed. And, univariate analysis and multivariate analysis demonstrated that the histological type of clear cell cancer was a risk factor for CI.^3^ However, the effect of cancer-associated CI on the prognosis of OC has not been reported. In this study, we retrospectively reviewed the clinical characteristics of patients with OC and associated CI to investigate the association between cancer-associated CI and OC, along with the risk factors for prognosis.

Methods {#S0002}
=======

Study Design {#S0002-S2001}
------------

Our study was approved by the ethics committee of Peking Union Medical College Hospital. The need for written informed consent was waived because of the retrospective nature of the study, and the data set was deidentified in order to protect patients' privacy. Our study was done in compliance with the Declaration of Helsinki. We reviewed the electronic medical records of patient with OC from January 2013 to November 2018 (Supplementary [[Figure S1](http://www.dovepress.com/get_supplementary_file.php?f=229236.pdf)]{.ul}).

Patients' information, including age, serum cancer antigen (CA)-125 level before the initial treatment, extent of surgery, optimal resection or otherwise, staging of OC according to International Federal of Gynecology and Obstetrics (FIGO) system, histological type, treatment modality and outcome, were retrospectively collected.

Enrollment in this study consisted of patients who had experienced a history of CI within 1 year prior to commencement of treatment for malignant disease or who presented with CI during initial clinical treatment for ovarian cancer; these patients were defined as cancer-associated CI for the purpose of this study and were included in the analysis.[@CIT0003] Then, the electronic medical records of patients with CI were reviewed. The diagnosis of CI was corroborated by both the electronic medical records, imaging diagnosis, and consultation with the attending neurologist. The conventional risk factors, including body mass index (BMI), hypertension, diabetes, hyperlipidemia and atrial fibrillation, time of CI onset, chief complaint, the results of hematology examinations, especially the D-dimer level, and Eastern Cooperative Oncology Group performance score (ECOG-PS), were evaluated.

According to the guidelines of the National Comprehensive Cancer Network (NCCN) Version 2018, for epithelial ovarian cancer (EOC), every effort should be made during the primary cytoreduction procedure to evaluate the patient for occult disease and to achieve maximum cytoreduction of all disease. For FIGO stage IA or IB high-grade EOC and Stage IC EOC, the platinum-based therapy of 3--6 cycles is recommended, and for Stages II--IV, a minimum of 6 cycles of platinum-based therapy is recommended, including at least 3 cycles of adjuvant therapy after interval debulking surgery (IDS). Meeting these requirements was defined as the standard treatment. The outcome information was collected through out-patient medical records or telephone follow-up or public security system.

Statistical Analysis {#S0002-S2002}
--------------------

The duration of the patients' overall survival (OS) was calculated from the date of EOC diagnosis to the date of death or last contact. Categorical variables are summarized in frequency tables, whereas continuous variables are presented as a median (range). Frequency distributions were compared using the chi-squared test, Fisher's exact test, or likelihood ratio, and median values were compared by the nonparametric tests by Mann--Whitney *U*-test. Cox proportion hazards model was utilized for univariate and multivariate regression analysis of survival data. Survival curves were calculated using the Kaplan--Meier method and compared using the log-rank test. All statistics analyses were conducted using SPSS version 23 (IBM Corp, Armonk, NY, USA). A P-value \<0.05 was considered statistically significant with the two-tailed hypothesis.

Results {#S0003}
=======

Clinical Characteristics {#S0003-S2001}
------------------------

Between January 2013 and November 2018, 2632 inpatients were diagnosed with OC in our institution. Of these patients, 69 patients had concomitantly CI. Thirty patients (1.1%) were diagnosed as having OC-associated CI (Supplementary [[Figure S1](http://www.dovepress.com/get_supplementary_file.php?f=229236.pdf)]{.ul}). The baseline characteristics of all patients with OC and patients with OC-associated CI are presented in [Table 1](#T0001){ref-type="table"}.Table 1The Baseline Characteristics of Ovarian Cancer PatientsAll OC PatientsPatients with OC-Associated CIPercentage^a^P-value (Chi-Square)Cases2632301.1%-Age (years)50 (0--89)60 (37--83)----FIGO stage I409 (15.5%)5 (16.7%)1.2%\>0.999 II176 (6.7%)4 (13.3%)2.3%0.282 III1118 (42.5%)17 (56.7%)1.5%0.118 IV201 (7.6%)4 (13.3%)3.6%0.413 Unknown728 (27.7%)0 (0.0%)0.0%--Histologic classification Serous1752 (66.6%)19 (63.3%)1.2%0.709 Mucinous140 (5.3%)1 (3.3%)0.7%0.942 Endometrioid227 (8.6%)4 (13.3%)1.7%0.559 Clear cell312 (11.9%)3 (10.0%)1.0%0.977 Others or unknown201 (7.6%)3 (10.0%)1.5%0.890[^1][^2]

The median age of these 30 patients with OC-associated CI was 60 years (range, 37--83 years), which was older than that of the patients with only OC (median age: 50 years; range, 0--89 years). According to the histologic classification, all 30 patients had EOC: 19 cases (63.3%) of high-grade serous carcinoma, 1 case (3.3%) of mucinous carcinoma, 4 cases (13.3%) of endometrioid carcinoma, 3 cases (10.0%) of CCC and 3 cases (10.0%) of unknown type ([Table 1](#T0001){ref-type="table"}). According to FIGO stage, the patients included 5 cases (16.7%) of Stage I, 4 cases (13.3%) of Stage II, 17 cases (56.7%) of Stage III, and 4 cases (13.3%) of Stage IV.

OC-associated CI occurred at a greater incidence among patients with endometrioid carcinoma (1.7%) than among those with other pathological classifications. Moreover, OC-associated CI occurred at a greater incidence among patients with Stage IV OC (3.6%) than among those with other stages of OC.

Among 30 patients with OC-associated CI, the median CA-125 level before initial treatment was 432.00 U/mL (range, 12.63--11,445 U/mL). CI occurred prior to treatment in 20 patients (66.7%) and during treatment in 10 patients (33.3%). The maximum D-dimer of each patient was collected and the median D-dimer level was 4.23 mg/L (range, 0.57--42.75 mg/L; normal range, 0--0.55 mg/L). The D-dimer level was elevated in all the patients. Moreover, we randomly chose 30 ovarian cancer patients without CI in our institution, the median D-Dimer of these patients was 3.29 mg/L (range: 0.33--10.98). No significant difference was found between two groups (P= 0.119). The ECOG-PS in 15 patients (50.0%) was 3--4. And 21 patients (70.0%) had multiple CI lesions ([Figure 1](#F0001){ref-type="fig"}).Figure 1Magnetic resonance imaging.**Notes:** Multiple lesions of cerebral infarction in T2-weighted-fluid-attenuated inversion recovery (**A** and **B**).

Fifteen patients (50%) had hypertension, 8 patients (26.7%) had diabetes mellitus, 2 patients (6.7%) had hyperlipidemia, 1 patient (3.3%) had atrial fibrillation, 6 patients (20%) had thrombosis in other locations and 0 patients had a history of smoking.

Therapeutic Procedures {#S0003-S2002}
----------------------

With respect to CI, aspirin and/or other agents were administered based on the neurologist's suggestions. Cytoreductive surgery or ovarian stage surgery was performed in 26 patients, of whom 19 patients attained complete cytoreduction (R0), which was defined as the absence of macroscopic disease. Of 20 patients in whom CI occurred before treatment, 14 patients underwent standard treatment according to the NCCN guidelines. Among 10 patients, CI occurred during the initial treatment in 9 patients and during the recurrent tumor treatment in 1 patient. Of these 10 patients, 5 received standard treatment. Overall, standard treatment was provided to 19 patients ([[Supplementary Table S1](http://www.dovepress.com/get_supplementary_file.php?f=229236.pdf)]{.ul}).

Outcomes {#S0003-S2003}
--------

Follow-up information was available for all the 30 patients. The median follow-up time was 19.5 months (range, 1--59 months). Seventeen patients experienced tumor progression, and 16 of them died. Thus, the death rate was 53.3% (16/30). [Table 2](#T0002){ref-type="table"} shows risk factors for death in OC patients with cancer-associated CI. In univariate analysis, OS was significantly associated with the D-dimer level (P=0.017), FIGO stage (P=0.014), R0 (P\<0.000) and standard treatment (P\<0.000) ([Figure 2](#F0002){ref-type="fig"}). Age, BMI, CA-125 level before initial treatment, ECOG-PS, time of CI onset, number of CI lesions, hypertension, diabetes mellitus, hyperlipidemia, atrial fibrillation, thrombosis at other locations and histologic classification were not statistically associated with OS. In multivariate analysis, standard treatment remained an independent protective factor for death (hazard ratio=0.061, 95% confidence interval=0.007--0.537, P=0.012).Table 2The Prognostic Factors of Overall Survival in Univariate and Multivariate AnalysisFactorsUnivariate AnalysisMultivariate Analysisp-valueHR (95% CI)p-valueHR (95% CI)Age (years)0.2101.033 (0.982--1.087)BMI (kg/m^2^)0.1700.886 (0.745--1.053)CA125 (U/mL) \<10001 ≥10000.1762.243 (0.696--7.229)D-dimer (mg/L)0.0171.062 (1.011--1.116)0.2571.029 (0.980--1.080)ECOG-PS 1--21 3--40.7171.200 (0.449--3.208)Onset of CI Prior treatment1 During treatment0.3211.718 (0.591--4.995)CI lesions Single1 Multiple0.3711.684 (0.537--5.279)FIGO stage I--II11 III--IV0.01412.78 (1.665--98.124)0.1278.691 (0.541--139.734)Hypertension No1 Yes0.8980.931 (0.314--2.763)Diabetes mellitus No1 Yes0.8710.915 (0.312--2.683)Hyperlipidemia No1 Yes0.2192.584 (0.569--11.728)Atrial fibrillation No1 Yes0.4970.043 (0.000--372.579)Thrombosis on other locations No1 Yes0.5800.654 (0.145--2.939)Histologic classification High-grade serous0.2431.968 (0.632--6.132) Others1R0 No11 Yes0.0000.073 (0.020--0.268)0.0760.240 (0.050--1.158)Standard treatment No11 Yes0.0000.108 (0.031--0.361)0.0120.061 (0.007--0.537)[^3] Figure 2The prognostic factors of overall survival.**Notes:** Overall survival according to D-dimer (**A**), International Federal of Gynecology and Obstetrics (FIGO) stage (**B**), complete cytoreduction (R0) (**C**) and standard treatment (**D**).

Discussion {#S0004}
==========

Traditionally, evaluation of the association between thrombosis and malignancy has been focused on the occurrence of venous thromboembolism. Arterial thrombosis in patients with cancer has received much less attention.[@CIT0001] Values of the global burden of arterial thrombosis in the general population for the two common artery acute diseases, i.e., acute myocardial infarction and ischemic stroke, have been estimated to be 139.3 and 114.3 per 100 000 people, respectively, accounting for an overall incidence rate of 0.25%.[@CIT0004] Male sex, age, hypertension, smoking, lung cancer, and kidney cancer were associated with a higher risk of arterial thromboembolism.[@CIT0005] The brain is frequently injured by this pathophysiology because of the rich distribution of the procoagulation factor, thromboplastin, combined with the low levels of the anticoagulation factor, thrombomodulin, in the epithelium of brain.[@CIT0006]

Cancer and CI are the second and third causes of death worldwide, respectively.[@CIT0007] A total of 10.8% of patients with CI were affected by cancer.[@CIT0008] OC is the leading cause of death from gynecologic cancer. In 2018, it is estimated that 22,240 new diagnoses and 14,070 deaths from this neoplasm will occur in the United States.[@CIT0009] Surveillance, Epidemiology, and End Results Program (SEER) Cancer Statistic Review revealed that the 5-year survival of OC is about 46.5%. In patients with cancer, the development of arterial thromboembolism has been reported to be associated with a 3-fold to 5-fold increased risk of death.[@CIT0005],[@CIT0010] Data regarding the prognosis of OC patients with cancer-associated CI patients are limited.

To our knowledge, this is the first larger study discussing the prognosis of patients with OC-associated CI. We found that the incidence of OC-associated CI was greater in endometrioid carcinoma than that in other pathologic classifications. In another study, cancer-associated CI occurred at a greater incidence among patients with CCC.[@CIT0003] It needs to be further investigated whether OC-associated CI is more likely to occur in endometriosis-associated ovarian carcinoma. Herein, we also found that the incidence of OC-associated CI was greatest in patients with FIGO Stage IV cancer. This finding may be easily understood because with more extensive lesions, the impact of the tumor on coagulation may be greater.

In addition, cancer-associated CI has been considered as one of the etiologies of a cryptogenic stroke.[@CIT0011] Active cancer was present in 4.4% of patients with ischemic stroke.[@CIT0012] In our study, CI occurred before the initiation of treatment in 20 patients (66.7%). The identification of factors associated with the presence of occult cancer in patients with ischemic stroke patients should be adequately investigated in future appropriately designed studies.[@CIT0012] Further research is needed to define the subset of patients who could benefit from cancer screening.[@CIT0013]

In line with the results from previous studies, all the patients had an elevated D-dimer level in our study. Ishikawa et al found that all patients, with Trousseau's syndrome associated with malignant gynecological tumors, presented with significantly elevated D-dimer levels.[@CIT0014] Ito et al reported that the D-dimer level may be a good biomarker for cancer-associated CI.[@CIT0015] In our study, the D-dimer level was significantly associated with OS in univariate analysis. Kikuchi et al also reported that serial D-dimer levels may be a useful predictor of the prognosis of patients with cancer-associated CI.[@CIT0015] Interestingly, the D-dimer level may be an indispensable marker before and during the treatment of OC and CI.

Cancer-associated thrombosis is one of the disseminated intravascular coagulopathy (DIC) complications occurring in the course of malignancy.[@CIT0016] Cancer-associated stroke is more frequently with multiple territorial infarcts.[@CIT0017] In line with previous studies, 21 patients (70.0%) in our study had multiple CI lesions. Therefore, patients with CI but without known cancer and multiple territorial infarcts and/or with DIC should be screened for cancer.[@CIT0017]

Prognosis was poor in CI patients with cancer.[@CIT0018] And the survival of cancer patients with CI was poor.[@CIT0002] Despite the treatment of cancer before the onset of CI, a CI may lead to palliative care in many patients with cancer.[@CIT0019] Consistent with the results of previous studies, 11 patients (36.7%) in our study underwent non-standard treatment in our study.

For OC patients without severe complications, it is obvious that patients benefit from the standard treatment and would be more likely to have a better prognosis. However, for OC patients with CI, it is unclear whether they still benefit from the standard treatment is unclear. Surgery, the use of central venous catheters and chemotherapeutic agents such as platinum compounds, growth factors (granulocyte colony-stimulating factor) may lead to thrombosis.[@CIT0006] It is unclear whether surgery and/or anti-cancer therapy are detrimental to OS. As far as we know, this is the first study to focus on this issue in patients with OC. In univariate analysis, R0 and the standard treatment were protective factors for OS, and in multivariate analysis, the standard treatment remained a protective factor. Therefore, if possible, the standard treatment is preferred for OC patients with OC and cancer-associated CI.

The limitations of this study are the inherent shortcomings of a retrospective study design. First, as 11 patients did not receive the standard treatment, progress-free survival was not estimated. Second, the data for the D-dimer level and ECOG-PS were collected at admission in 20 patients with CI prior to treatment. And the details of acute CI treatment were unclear relatively. Whereas, it may be better to collect all the data when CI occurs. Thirdly, the specific cause of death was not detailed, in other words, we cannot identify whether the patient died of OC or CI. However, this does not influence our results; no matter what is the specific cause of death, the standard treatment of OC would improve OS. A prospective, multidisciplinary study on this topic would be informative.

In conclusion, as data on treatment of OC patients with cancer-associated CI are extremely limited, this study offers new aspects to consider in patients with OC and associated CI. Although the prognosis of patients with OC and associated CI was poor, those who underwent the standard treatment still obtain a benefit.
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[^1]: **Notes:** Data are shown as median (range) or number (percentage). ^a^Patients with OC-associated CI in all OC patients.

[^2]: **Abbreviations:** OC, ovarian cancer; CI, cerebral infarction; FIGO, International Federation of Gynecology and Obstetrics.

[^3]: **Abbreviations:** BMI, body mass index; ECOG-PS, Eastern Cooperative Oncology Group performance score; CI, cerebral infarction; FIGO, International Federal of Gynecology and Obstetrics; R0, complete cytoreduction.
